In massive concrete structures such as dams or large bridge foundations, thermal stresses originating from the heat of cement hydration become main reason of causing the thermal cracking. In order to control the thermal cracking, it is necessary to reduce the temperature rise of the member inside and to equalize the temperature of the whole member as much as possible. As specific methods, it is effective to discharge the heat of cement hydration accumulated in the member outside and to reduce the temperature gradient between inside and outside in the member by temperature-controlled curing or heat curing in respect of the concrete surface. In this study, results of the analytical study on the method for simultaneously carrying out reduction of concrete temperature of the member inside and heat insulation in the concrete surface by running water, which was warmed by running in the pipe buried in the member, in the pipe buried in the concrete surface are reported.
INTRODUCTION
Pipe cooling is generally used in massive concrete structures such as dams or large bridge foundations. In most of the structures where the system has been used until now, the primary objective has been to reduce the temperature of the members to the temperature around the structure. Cases where the primary objective was to aggressively reduce the temperature rise accompanying the heat of hydration are rare. However, if the spacing between pipe installation locations is made small, the rate of flow of water increased and pipe arranged at locations where the temperature of the member is maximum then a considerably large amount of heat can be removed in a short time. Such a measure can aggressively inhibit thermal stresses originating from the heat of cement hydration.
In this study, the authors propose the system to control thermal cracking in concrete surface by being reduced internally restrained stress since it is possible to reduce temperature gradient of inside and surface part of concrete by using the method to utilize water warmed in the concrete inside with the pipe cooling method for warming concrete surface part.
In this paper, results of the analytical study on conditions such as water temperature and flow velocity for selecting optimum conditions in this system are reported.
SYSTEM TO CONTROL OF THERMAL CRACKING USING HEAT OF CEMENT HYDRATION IN MASSIVE CONCRETE STRUCTURES
Thermal crack occurs in case which the thermal stress occurred by restricting volume change caused by the temperature change during heat of hydration of the cement reaches over tensile strength of concrete. It is possible to divide the thermal stress into two types of internally restrained stress and externally restrained stress. These thermal stresses are related to temperature rise of the concrete member inside generated by hydration of cement. Therefore, it is important to reduce temperature rise of the concrete member inside in order to control the thermal cracking. A lot of methods such as reducing used unit cement content as much as possible, used low heat cement, used admixture materials such as fly ash, pre-cooling method, etc. are proposed and applied as the countermeasure reduced temperature rise. The pipe cooling method that heat of hydration during hardening concrete is compulsorily removed by passing water in pipes embedded the concrete member after placing concrete is an effective one in those countermeasures. The pipe cooling method which has been used mass structures such as dams until now has been applied to reduce the temperature of the members to the temperature around the structure. Therefore, pipe cooling has been done with the purpose of achieving a contraction joint, with stabilised opening, in the case of grouting joints between blocks rather than to control thermal cracking due to the hydration of cement. In this study, it was studied to estimate the system for controlling surface cracking of mass concrete structures as part of the development of method for controlling the thermal cracking by applying the conventional pipe cooling method. In this system, as shown in Figure 1 , the pre-cast board embedded a pipe connected with cooling pipe embedded the concrete member is used as a formwork and it is possible to warm near surface of the concrete member by running the water warmed by running the cold water in the cooling pipe into the pipe embedding the pre-cast board. By using this system, it is possible to reduce the temperature rise by heat of hydration of the cement in the concrete member and hold the concrete surface division warm simultaneously. Therefore, internally restrained stress is not only reduced as the gradient of inside and outside temperature in concrete member is reduced, but externally restrained stress is also reduced as temperature rise in the concrete member is reduced.
3.

FEATURES OF THIS SYSTEM
Features of this system are shown in the following. 1). Since it is possible to control cooling of inside of concrete and heat insulation of the concrete surface part simultaneously, it is easy to equalize the temperature of whole concrete member. Therefore, this system is very effective for controlling of thermal stress of mass concrete. 2). It is possible that this system is widely applied to the mass concrete structures. 3). This system can make thermal energy circulate and effectively utilize the thermal energy. 4). Since this system is based on the simple principle, it is not necessary to prepare the special equipment. 5). In order to use the pre-cast formworks, it is possible to install the formworks without requiring the processing in the construction site. 6). Since the pre-cast formwork is a embedded frame, it is not only necessary to remove it, but also it has the characteristic of the heat insulation effect..
OUTLINE OF THIS SYSTEM
This system uses the pre-cast formwork (it will be called the Pca formwork since then) as a formwork as shown in Figure 2 . The pipe in which it is possible to run the water in the Pca board is buried as shown in Figure 2 . For the pipe, thin wall ERW steel pipe in usually about 25mm diameter is used. The pipe is placed like teeth of comb in order to efficiently carry out heat exchange with the outside. On the other hand, in the concrete member, the cooling pipe is placed on the construction joint as shown in Figure 3 . After placing concrete, river water or tap water is run into the cooling pipe buried in the member from the pipe entrance. Then, the cooling water changes to the warm water by absorbing heat of hydration of cement and concrete is cooled down. The warm water is guided and run in the pipe buried on the Pca formwork. The Pca formwork cooled down by the air is warmed by heat exchange with warm water. Water cooled down in the Pca formwork again is discharged outside. Outline of Pca formwork By continuously carrying out this series of water conduction, it is possible to warm the surface of concrete without wasting thermal energy and keep heat insulation, while placed concrete is cooled down. Therefore, it becomes possible to build the system which contributes to reduce thermal stress and control thermal cracking by equalizing the temperature of the whole concrete member. However, as shape and dimension of Pca formwork shown in Figure  2 are examples, they have to change according to target of the size and construction conditions of structures. 
PROCEDURE FOR ANALYZING HEAT ELIMINATION BY PIPE COOLING
Only the fundamental concepts applied and the basic equations used in the procedure for analyzing heat elimination by pipe cooling are described here since details of such procedures have already been reported earlier.
Thermal analysis in the concrete field
The three-dimensional unsteady heat conduction equations given below were used in the concrete field.
Where, λ=thermal conductivity (W/mºC), Ｔ ｃ = temperature of concrete (ºC), ( ) t Q c = heat rate in concrete, ρ= density of concrete (kg/m 3 ), and c= specific heat of concrete (kJ/kgºC). Boundaries assumed were the convective boundary in contact with the outside air and the boundary in contact with the surface of the cooling pipe wall. The convective boundary in contact with the outside air is generally expressed by the equation below.
Where, l, m, n are direction cosines in the boundary surface, η is the heat convection coefficient, T ∞ =outside air temperature (ºC), q s = heat flux in the concrete surface (W/m 2 ).
(1)
The boundary conditions of the cooling pipe wall surface were set by the equations given below assuming that heat transfer takes place in the water in the cooling pipe and the pipe wall surface in contact with the concrete.
Where, h= heat convection coefficient on pipe wall surface and T w = temperature of water in the pipe (ºC). By using Galerkin's method in equation (1) and the boundary conditions of equations (2) and (3), the equations can be expressed in matrix form as given below. 
Equations governing the temperature of water in the pipe
For deriving the basic equations related to temperature of water in the pipe, the cooling pipe was assumed to be a single pipe from the entrance to the exit. The flow of water in the pipe was assumed to be a one-dimensional flow by taking the polar coordinates along the pipe. The equation governing the temperature of water in the pipe was derived as below for the case when water flows from direction S i to direction S i+1 at the flow rate u over an infinitesimal distance ds, where S is the distance from the pipe entrance. 
Hereρ ｗ :density of water (kg/m 3 ), C w : specific heat of water (kJ/kg ºC), and r: radius of the pipe (mm). The flow rate u in equation (5) was assumed to be uniform within the pipe. Since the range of flow rates during the pipe cooling is generally between 10 l/min. to 20 l/min., a state of turbulence can be assumed to prevail within the pipe, and heat exchange assumed to be performed adequately. The Galerkin method is applied to equation (5) similar to the concrete field, to obtain the equations for temperature of water in the pipe in matrix form, as given below. Even if the pipe layout is complex or if the flow rate or the temperature of water changes sequentially, the heat elimination effect by pipe cooling can be analyzed and evaluated by combining equations (4) and (6). These equations have been applied in the study of measures for controlling thermal cracking in dam spillways until now. It was confirmed that the results of analysis using the present procedure agreed well with the results of temperature measurements. Furthermore, the equations have also been used for evaluating primary cooling temperatures of arch dams. Although further studies on the coefficient of heat convection of the pipe wall surface are necessary, the results of analysis using these equations agreed well with the results of measurements near the pipe.
ANALYSIS CASE
The raising construction of dam raises about 10m in the existing dam of 40m height and in addition, the gravel concrete dam was constructed by digging down 8m further than the existing level. The dam after extending becomes 50m height and 202m crest length. Figure 4 shows outline of the dam. In this study, analysis was carried out to estimate the effect of controlling thermal cracking in assuming that this system was applied to the dam construction. The part of depth direction 28m, crest length direction 15m and 9m height of the dam from EL-69m to EL-78m was an analysis model in which four lifts (thickness of a lift is 0.75m) placed on hardened concrete were considered. Figure 5 shows layout of the analysis model. Cooling pipes for the purpose of the heat removal is buried in the structure inside and Pca formwork of 0.15m thickness buried a cooling pipe beforehand was installed in the downstream surface. These two pipes were coupled.
In this analysis, it was assumed that the cooling pipe on each lift was buried. Figure 6 shows pipe arrangement in the concrete member and in the surface part. Table 1 shows condition of the analysis. In analysis condition of pipe interval 0.5m in the Pca formwork and cooling pipe interval 1.0m in the concrete member, figure 7 shows analytical results as flow rate in the pipe is made to change at 10cm/s and 15cm/s. As shown in Figure 7 , concrete temperature of the member inside decreased depending upon increasing in the flow rate of the cooling water. In the meantime, as shown in figure 8, concrete temperature in the Pca formwork increased 5 to 7ºC by running warm water. Moreover, as shown in figure 9 , the proportion of temperature rise in surface part and temperature reduction in the lift inside by running water was influenced by the change of concrete temperature in starting the water conduction. In this case, analyses were carried out on case in which water temperature was varied 10ºC and 15ºC in order to consider the difference between the places from which water was drawn. It is necessary to rise
Cooling pipe entrance of cooling pipe Existing part downstream front elevation Pca formwork the initial running water temperature so that temperature of the surface part may rise. As results of the analysis, it seems that it is necessary to set the initial running water temperature at about 15ºC to rise temperature in the concrete surface to about 6ºC.
On thermal stress in concrete surface by the difference of water temperature and flow rate of the cooling water, Figure 10 shows analytical results under the condition of pipe interval 0.5m in the Pca formwork and pipe interval 1.0m in the concrete member. From Figure 10 , thermal stress of the concrete surface decreased depending upon decreasing in water temperature. As a result of analysis on effect of thermal stress reduction by the running warm water, as shown in Figure 11 , in case of the initial running water temperature 10ºC, more than 1.3N/mm 2 thermal stress was reduced in comparison with the case without running water. On the effect to the thermal cracking index by the running water in the concrete surface, as shown in Figure 12 , the thermal cracking index increased about 1.0 on average in case of the initial running water temperature 10ºC and even in case of the initial running water temperature 15ºC, the thermal cracking index increased about 0.5 on average. The thermal cracking index is defined as the ratio of the tensile strength of the concrete to the tensile stress in the concrete generated by heat generated by the hydration of cement. The larger the thermal cracking index, the lesser the possibility of crack occurrence, and vice versa. Generally, as the index becomes smaller, the number of cracks increases and the crack width tends to grow larger:
Here, I cr (t): cracking index, I cr (t)=f tk (t)/σ t (t), f tk (t): tensile strength of concrete at age of t days, σ t (t): maximum principal tensile stress in concrete at age of t days, and γ cr : factor of safety for probability of occurrence of cracking.
CONCLUSIONS
In the mass concrete structures, as results of the analytical study on the method for simultaneously carrying out reduction of concrete temperature of the member inside and heat insulation in the concrete surface by running water, which was warmed by running in the pipe buried in the member, in the pipe buried in the concrete surface, it was possible to evaluate the effect of controlling thermal cracking in concrete surface by running warmed water. Hereafter, this study will be driven for the application in existing structures.
